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Abstract: Throughout four seasons subsurface and bottom water samples were collected from the Eastern
Harbor of Alexandria (EHA). Some chemical parameters; NH , NO , NO , PO , SiO , Ca and Mg were measured4 2 3 4 2

and statistically analyzed in relation to the estimated most probable number (MPN) of the sulfate reducing
bacteria (SRB). Statistical cluster analysis was performed to indicate the factor(s) affecting the anoxic conditions
in EHA. The results indicated the annual distribution of SRB was mainly affected by NH  in the bottom waters4

and impacted by NH , NO  and SiO  in the subsurface waters. In autumn, the MPNs of SRB were affected by4 2 2

NO  then Mg, NH  and SiO  in the subsurface waters and affected by NO in the bottom waters. In winter, the2 4 2 3

SRB was affected by the all measured chemical parameters in the subsurface waters and affected by Mg, NH4

and NO in the bottom waters. The lowest MPNs were obtained in January ranged from 0.9 X10  to 5.9 X103
2 2

MPN/ml in the subsurface waters and from 2.0 X10  to 7.4 X10 MPN/ml in the bottom waters. In spring, the SRB2 2

showed to be impacted mainly with PO  in addition to NO  in the subsurface waters and NO  in the bottom4 2 3

waters. While, in summer the maximum MPNs of SRB were obtained in August ranged from 8.1 X10 to 2.2 X103 4

MPN/ml in the subsurface water and from 9.7 X10  to 3.6 X10 MPN/ml in the bottom waters, they were affected3 4

by Ca, SiO  and NH2 4.
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INTRODUCTION Sulfate-reducing bacteria (SRB) may be one of the

Aquatic microorganisms are essential for the major billions of years in the geologic rock record to the early
biogeochemical cycles in nature such as nitrogen and Archean (3900 to 2900 million years ago), when oxygen
phosphorus cycles. They are also directly responsible for concentrations in Earth's atmosphere were low. Ancient
the degradation and detoxification of many pollutants. sulfate-reducing bacteria left their first mark on their
They often play a vital role in minimizing the impacts of environment  in  pyrite minerals as old as 3400 million
pollutants in natural environments and are essential for years  [3].  However,  these microorganisms are
water purification and secondary wastewater treatment widespread  in marine and terrestrial aquatic
[1]. Moreover, dissolved organic matter (DOM) and environments. Their ability to adapt to extreme physical
inorganic nutrients may affect microbial communities. and chemical conditions enables them to play an
Differences were observed in the responses of bacterial important role in global geochemical cycles. Moreover,
taxa examined to various DOM and inorganic nutrient sulfate-reducing bacteria in natural processes are
treatments and the response patterns varied seasonally, undoubtedly very important under anoxic or oxygen-free
indicating that resources that limit the bacterial conditions. On the other hand, it was discovered that
communities change over time [2]. some  of  these bacteria can tolerate low levels of oxygen

oldest forms of life on Earth. They can be traced back
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(aero-tolerant) and may play important roles in the
geochemical cycling processes [4].

However, the sulfate-reducing bacteria are gram-
negative  anaerobes  that  are mesophilic and ubiquitous
in nature. They are phylogenetically related to
Bacteroides sp. and they are part of the enteric and
anaerobic  flora  in humans and animals [5]. Moreover,
they are a diverse group of organisms that include
Desulfovibrio, Desulfomicrobium, Desulfobulbus,
Desulfobacter, Desulfococcus, Desulfosarcina,
Desulfobacterium,   Desulfonema,   Desulfotomaculum
and Thermodesulfobacterium. This group of organisms
has  a  variety  of morphologies, biochemical properties
and nutritional requirements. With the exception of
Desulfovibrio spp., they are found mainly in natural
environments [6]. 

Sewage wastes from the northern side of Alexandria
were discharged through some outlets into the coastal
line of the Mediterranean sea including the Eastern
Harbor   of   Alexandria   (EHA)   which   received   about Fig. 1: Map of Eastern Harbor showing the sampling
1.5-6.3 x 10  m .d  of the domestic sewage [7]. EHA is a stations4 3 -1

shallow  (~ 6m  depth)  semicircular basin, covering an
area of about 2.8 km  with a water volume of 1.5x10 m . Sampling Process for Microbial Examinations: The sub-2 7 3

The harbor is also sheltered from the sea by a middle surface water samples were collected from the selected
breakwater leaving two openings where the exchange of locations using 500ml sterile glass blue-capped bottles,
seawater between the harbor and the Mediterranean Sea while the bottom seawater samples were collected using
takes place, the western inlet (El-Boughaz) and the eastern Neskin bottles then transferred to 500ml sterile glass blue-
inlet (El-Silsila). However, the only outlet that discharges capped bottles. All water samples kept cool in an ice-box
domestic sewage at this area was located behind the until they were transferred to the laboratory,
Kayiat Bey castle; it discharged about1.48x10 m .d .5 3 -1

Recently, only one outlet was left in EHA for rain Enumeration  of   Sulfate-Reducing   Bacteria   (SRB):
discharge, it discharged about 1.47x10  m of rain water To enumerate the sulfate-reducing bacteria a sulfate5 3

from the 15 October 2000 to 15 April 2001. On the other reducing medium was used and to create anaerobicth th

hand, various investigations were carried out concerning conditions the inoculated tubes were filling completely
oceanography, hydrography and the chemical pollution with sterile medium and streamed with 90:10 of N /CO
inside this harbor regardless the microbial communities gas. The positive tubes showed blackening within 4 to
indicating the anoxic conditions in side this harbor [8]. 21day of incubation at 30°C compared to the un-

Nowadays since 1999, the government stopped and inoculated  controls.  The   medium   composed  of:
closed these pipelines. Thus, the goal of this study is to Sodium lactate, 3.5g; beef extract, 1.0g; peptone, 2.0g;
estimate the impact of different chemical parameters MgSO .7H O, 2.0g; Na SO 1.5g; K HPO 0.5g;
including NH , NO , NO , PO  SiO , Ca and Mg on the Fe(NH ) (SO ) .6H O, 0.392g; CaCl  0.1g; sodium4 2 3 4, 2

distribution of SRB located in the Eastern Harbor in order ascorbate, 0.1g; reagent grade water, 1L. The pH adjusted
to follow the anoxic conditions inside this harbor at 7.5 after sterilization. The detection of the SRB was
especially after sewage discharged had been stopped. carried out using the 3-tube MPN technique by

MATERIALS AND METHODS to the standard methods used for water and waste water

The Study Area: The collection of the subsurface and the
bottom water samples were carried out from eight selected Detection of the Hydrographic Parameters and
locations  (Fig.  1).  The collection process was repeated Nutrients: Water samples were collected using Neskin
for ten times during the period from October-2004 to bottles nutrient salt concentrations were measured
October-2005, with total water samples of 160. according   to    [10]    and    measured    using    Shimadzu

2 2

4 2 2 4, 2 4,

4 2 4 2 2 2,

monitoring the formation of a black precipitate according

microbial examinations [9].
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spectrophotometer UV-150-20. Calcium and magnesium Moreover, in summer, ammonia showed low values in
concentrations were measured titrametrically against the subsurface water samples (2.26±0.94 µM) and in the
EDTA using murioxide and Erio Black T indicators [9]. bottom water samples (2.49±0.63 µM). While magnesium

Multivariate Statistical Analysis (Q-mode Cluster bottom (1.58±0.06 g/l) water samples. However, the
Analysis): The Q-made cluster analysis was carried out silicates content was very high in the bottom water
according  to  [11]  with  as  similarity  index.  Q-made samples (9.53±8.25 µM) compared to that at the other
cluster analysis was done on the data set using the examined seasons.
STATISTICA-Program.   Where,    a    Tree    Diagram   for In autumn, ammonia, nitrate and phosphate contents
7 variables (NO , NO , NH , Ca, Mg, SiO  and PO ) was showed high concentrations at the bottom water samples2 3 4 2 4

drown with a complete linkage to the MPN of SRB using compared  to  that  of  the  subsurface  water  samples.
1-Pearson-r model. They were 5.73±7.59 µM, 7.87±5.8 µM and 0.75±0.40 µM,

RESULTS subsurface and bottom water samples were 0.54±0.16 and

The variation in each nutrient salt during the studied While in spring the concentrations of nitrite and
seasons was illustrated in Table (1). In winter, it was silicate in both subsurface and bottom water samples
observed the average concentrations of ammonia, nitrite, showed lowest measured values compared to that of the
nitrate, phosphates and silicates were high at the other examined seasons. They were 0.11±0.04, 0.17±0.05
subsurface water samples compared to that of the other µM (for nitrite) and 1.93±0.39, 1.98±0.24 µM (for silicates),
seasons. They were 4.59±0.73, 0.65±0.42, 9.50±4.38, 0.56± respectively.
0.42 and 3.41±1.37 µM, respectively. On the other hand, in On the other hand, the detection of SRB was carried
the bottom water samples all examined chemical out in this study by monitoring the formation of the black
parameters  showed  low  concentrations   in  winter precipitate in the subsurface and bottom water samples
except nitrite (0.96± 1.05 µM). However, the calcium and collected from EHA compared to the un-inoculated
magnesium showed low values in comparison with the samples. In addition, the MPN of these bacteria were
other seasons. They were 0.39±0.02 and 1.2±0.05 g/l, estimated using the 3-tube MPN technique according to
respectively, for the sub-surface water samples and the standard methods published in APHA, [9]. The
0.42±0.02 and 1.23±0.07 g/l, respectively for the bottom bottom water samples showed more microbial counts
water samples. compared   to    that   of   the   subsurface   water   samples

showed high values at both subsurface (1.53±0.10 g/l) and

respectively). In addition, the calcium values at both

0.57±0.11 g/l, respectively. 

Table 1: The seasonal range and averages (Av. ± SD) of the different chemical parameters in the sub-surface water samples (A) and the bottom water samples
(B) of the Eastern Harbor during 2004-05.

(A)
Season Parameter  NH  (µM)  NO  (µM)  NO  (µM)  PO  (µM)  SiO  (µM)  Ca (µM)  Mg (µM)4 2 3 4 2

Winter Range 3.51: 5.67 0.27: 1.68 5.36: 18.44 0.21: 1.46 1.2: 5.8 0.36: 0.44 1.13: 1.28
AV±SD 4.59±0.73 0.65±0.42 9.5±4.38 0.56±0.42 3.41±1.37 0.39±0.02 1.2±0.05

Spring Range 1.64: 3.94 0.06: 0.2 0.53: 2.12 0.32: 0.86 1.48: 2.67 0.39: 0.47 1.33: 1.52
AV±SD 2.77±0.76 0.11±0.04 0.91±0.48 0.52±0.16 1.93±0.39 0.43±0.03 1.42±0.08

Summer Range 1.1: 4.23 0.21: 0.53 0.05: 2.49 0.26: 0.58 1.18: 5.31 0.45: 0.51 1.38: 1.72
AV±SD 2.26±0.94 0.34±0.1 0.81±0.72 0.43±0.09 3.33±0.13 0.49±0.02 1.53±0.1

Autumn Range 0.95: 9.79 0.17: 0.41 0.96: 8.19 0.1: 1.1 2.01: 4.39 0.33: 0.8 0.9: 2.23
AV±SD 3.11±2.68 0.27±0.08 4.3±2.76 0.46±0.33 3.13±0.87 0.54±0.16 1.4±0.4

(B)
Season Parameter  NH  (µM)  NO  (µM)  NO  (µM)  PO  (µM)  SiO  (µM)  Ca (µM)  Mg (µM)4 2 3 4 2

Winter Range 1.34: 3.83 0.15: 2.48 2.26: 4.65 0.19: 0.46 1.52: 4.18 0.39: 0.45 1.13: 1.28
AV±SD 2.61±1.02 0.96±1.05 3.38±1.0 0.34±0.13 2.55±1.15 0.42±0.02 1.23±0.07

Spring Range 1.87: 3.6 0.12: 0.23 0.49: 0.82 0.34: 0.72 1.68: 2.26 0.4: 0.48 1.35: 1.48
AV±SD 2.66±0.72 0.17±0.05 0.69±0.14 0.55±0.19 1.98±0.24 0.44±0.03 1,41±0,06

Summer Range 1.91: 3.35 0.21: 0.56 1.79: 5.0 0.29: 0.72 2.01: 17.58 0.49: 0.53 1.53: 1.67
AV±SD 2.49±0.63 0.32±0.16 2.65±1.57 0.49±0.19 9.53±8.25 0.51±0.02 1.58±0.06

Autumn Range 0.27: 16.97 0.14: 0.42 3.26: 16.17 0.24: 1.21 1.56: 4.11 0.44: 0.69 1.19: 1.67
AV±SD 5.73±7.59 0.28±0.14 7.87±5.8 0.75±0.4 3.13±1.12 0.57±0.11 1.49±0.23
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Table 2: The sulfate reducing bacteria (SRB) expressed as MPN/ml in the subsurface (A) and bottom (B) water samples of the EHA during 2004-2005.

(A)

 MPN/ml
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

station # October 2004 December January February March April May June August October 2005

1 4.8 X10 2.5X10 3.2 X10 4.5 X10 2.2 X10 4.3 X10 6.7 X10 2.3 X10 1.4 X10 5.1 X103 2 2 2 2 2 2 3 4 3

2 8.0 X10 2.6 X10 1.4 X10 3.0 X10 2.4 X10 4.7 X10 3.1 X10 2.4 X10 1.7 X10 8.4 X103 2 2 2 2 2 2 3 4 3

3 9.0 X10 2.9 X10 4.0 X10 5.2 X10 3.3 X10 6.5 X10 4.9 X10 2.7 X10 1.1 X10 8.6 X103 2 2 2 2 2 2 3 4 3

4 6.8 X10 1.4 X10 3.2 X10 3.9 X10 2.9 X10 5.7 X10 5.2 X10 1.3 X10 8.1 X10 5.2 X103 3 2 2 2 2 2 4 3 3

5 8.1 X10 3.1 X10 3.0 X10 4.0 X10 2.8 X10 5.5 X10 4.5 X10 2.9 X10 1.4 X10 4.3 X103 2 2 2 2 2 2 3 4 3

6 8.4 X10 2.5 X10 0.9 X10 3.1 X10 3.0 X10 5.9 X10 6.0 X10 2.3 X10 1.0 X10 8.0 X103 2 2 2 2 2 2 3 4 3

7 1.1 X10 1.8 X10 5.9 X10 7.5 X10 3.5 X10 6.8 X10 6.7 X10 1.7 X10 2.2 X10 1.0 X104 3 2 2 2 2 2 4 4 4

8 1.3 X10 5.6 X10 3.0 X10 5.5 X10 4.6 X10 9.0 X10 6.0 X10 1.2 X10 1.6 X10 1.3 X104 3 2 2 2 2 2 4 4 4

(B)

MPN/ml
station # October 2004 December January February March April May June August October 2005

1 5.6 X10 2.0 X10 3.0 X10 4.0 X10 3.8 X10 4.5 X10 2.1 X10 4.8 X10 9.7 X10 6.1 X103 2 2 2 2 2 3 3 3 3

2 9.0 X10 1.9 X10 2.6 X10 4.0 X10 3.3 X10 8.2 X10 2.0 X10 6.8 X10 1.9 X10 9.3 X103 2 2 2 2 2 3 2 4 3

3 1.1 X10 3.0 X10 5.0 X10 8.5 X10 5.3 X10 5.8 X10 3.2 X10 3.0 X10 1.9 X10 8.5 X104 2 2 2 2 2 3 3 4 3

4 7.5 X10 3.1 X10 3.1 X10 7.0 X10 1.1 X10 6.9 X10 1.4 X10 8.6 X10 1.6 X10 7.2 X103 3 2 2 3 2 2 3 4 3

5 8.9 X10 1.4 X10 4.0 X10 6.5 X10 7.9 X10 8.2 X10 5.2 X10 5.2 X10 2.1 X10 9.1 X103 3 2 2 2 2 2 3 4 3

6 9.1 X10 1.8 X10 2.0 X10 8.9 X10 5.1 X10 8.3 X10 1.8 X10 5.1 X10 2.2 X10 8.9 X103 2 2 2 2 2 3 3 4 3

7 1.5 X10 6.5 X10 6.2 X10 7.7 X10 5.9 X10 1.7 X10 1.2 X10 7.3 X10 3.6 X10 1.4 X104 3 2 2 2 3 4 3 4 4

8 1.9 X10 4.0 X10 7.4 X10 9.3 X10 4.2 X10 9.9 X10 9.8 X10 1.1 X10 2.2 X10 1.7 X104 3 2 2 3 3 3 4 4 4

collected from the same location. In general, the data water samples showed a decreasing trend in the counts
presented in Table (2) indicated that the anoxic compared to that in the October 2004, especially at station
contamination level in this harbor was time-dependent 7 and 8. The counts decreased from 1.1 X10  to 1.0 X10
and location-dependent. The southern and western part MPN/ml and from 1.3 X10  to 1.27 X10  MPN/ml,
of the harbor (stations 6, 7 and 8) showed to be suffered respectively (for the subsurface water samples) and
from the anoxia condition more than the eastern part decreased  from 1.5  X10   to 1.4 X10  MPN/ml and from
(stations 4 and 5). Moreover, the MPNs of SRB in bottom 1.8 X10  to 1.6 X10  MPN/ml, respectively (for the bottom
water samples were more countable compared to that in water samples). On the other hand, stations 1 and 2
the  subsurface  water  samples.  They  were  ranged  from showed a slight increase in the counts of SRB in both
1.4 X10  to 3.6X10  MPN/ml and from 0.9 X10 to 2.2 X10 subsurface and bottom water samples, the MPN values2 4 2 4

MPN/ml, respectively. However, winter was the most increased from 4.8 X10  to 5.1 X10  MPN/ml and from
countable season which followed by autumn, the MPN 5.8X10  to 6.1 X10  MPN/ml, respectively. However, the
was maximized in February regardless the water kind; the recovery percent of the anoxic conditions per year was
counts were ranged from 8.1 X10  to 2.2 X10  MPN/ml in calculated in comparison to the over lapping season’s3 4

the subsurface  water  samples  and  from  9.7   X10   to data, it was noticed that in the bottom waters of the EHA3

3.6 X10  MPN/ml in the bottom water samples. While, the it showed to be twice more than the recovery percent in4

lowest MPNs of SRB in both subsurface and bottom the subsurface waters, they were 5.8% and 2.6%,
water samples were estimated in January, they were respectively.
ranged from 2.2 X10  to 4.6 X10 MPN/ml and from 2.0 X10 However, the interactions between the obtained data2 2 2

to 7.4 X10 MPN/ml, respectively. Moreover, the highest of the microbiological examination of SRB and the2

MPNs  were  obtained  at  station-7 in both subsurface measured chemical parameters were estimated using the
and bottom water sample, the counts were 2.2 X10  and cluster analysis method presented in the STATISTICA4

3.6 X10 MPN/ml, respectively. program. The tree diagram was made as a complete linkage4

Meanwhile, on comparing the MPN of SRB in of these seven chemical parameters including NH , NO
October-2004 with that in the over lapping month October NO , PO , Ca, Mg and SiO  in relation to the MPN of SRB
2005, the obtained data of the subsurface and bottom in both subsurface and bottom sea water samples of EHA.

4 4

4 4

4 4

4 4

3 3

3 3

4 3,

2 4 2
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(A)

(B)

Fig. 2: The annual cluster analysis showing the interaction between the chemical characteristics and the MPN of SRB
in the sub-surface (A) and in the bottom (B) water samples of the Eastern Harbor during 2004-2005 using
STATISTCA program. 

However,  the  results  of  the  annual  cluster Mg; it showed a less effect on SRB counts. On the other
analysis presented in Figure (2-A) showed that the MPN hand, these anions interacted together forming two
of SRB in the subsurface seawater samples was impacted closely related groups; they were Mg-Ca group, SiO -NO
with NH , SiO and NO  compared to PO , NO , Ca and Mg group.4 2 2 4 3

which showed low impact on SRB. Moreover, it was Moreover, when these variables were seasonally
noticed that PO  and NO  was closely related to each analyzed using the cluster analysis they showed more4 3

other. Two significant clusters were recognized the first specific  interactions  in  both subsurface and bottom
one included NO , SiO  and NH  it showed to be more water  samples. In  autumn, the analysis of the subsurface2 2 4

effective on the SRB counts. The second cluster included water  samples’  data  it  showed  two  distinct clusters.
PO , NO , Ca and Mg; they showed low effect on SRB The first one included NO , Mg, NH  and SiO  which4 3

counts. showed in sequence a direct impact on SRB counts
However,  three  groups  of  these chemical especially NO . On the other hand, the second cluster

parameters  seemed  to  be  closely  related  in sequence included NO , PO  and Ca showed less impact on SRB
to  each  other;  PO -NO   group,  SiO -NH   group and counts especially Ca ions. However, three groups4 3 2 4

then Mg-Ca  group.  While  Figure (2-B) showed the appeared to had a close relationship to each other, these
annual  cluster   analysis  of  the bottom sea water groups were SiO -NH  group, PO -NO  group then SRB
samples, it showed three clusters; the first one included count-NO   group (Figure 3-A). While the analysis of the
NH  which seemed to be very effective on SRB counts. bottom water data showed the dependency of SRB count4

The second cluster included PO , SiO , NO  and NO ; this on NO  then Ca-NH  group and PO -NO  group.4 2 3 2

cluster showed a moderate effect on SRB counts during Moreover, the Mg-SiO  group showed low effect on the
the collection period. The third cluster included Ca and SRB count (Figure 4-A).

2 3

2 4 2

2

3 4

2 4 4 3

2

3 4 4 2

2
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(A)

(B)

(C)

(D)

Fig. 3: The cluster analysis showing the interaction between the chemical characteristics and the MPN of SRB in the
sub-surface water samples of the Eastern Harbor during 2004-2005 using the cluster analysis-STATISTCA
program. Autumn (A), winter (B), spring (C) and summer (D). 

In winter, the SRB counts in the subsurface water samples showed that, the SRB counts were impacted with
samples showed to be relater to the presence of all tested NO  then NH  and Mg. While the other parameters
chemical parameters, they form one cluster. However, NO showed to be less effective on the SRB counts, also the2

and NO showed a close relation to each other (Figure 3- PO  and SiO  showed to be closely related to each other3

B). On the other hand, the analysis the bottom water followed by Mg and NH  (Figure 4-B).

3 4

4 2

4
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(A)

(B)

(C)

(D)

Fig. 4: The cluster analysis showing the interaction between the chemical characteristics and the MPN of SRB in the
bottom water samples of the Eastern Harbor during 2004-2005 using the cluster analysis-STATISTCA program.
Autumn (A), winter (B), spring (C) and summer (D).

In spring, the data of the subsurface water samples then NO  and NH  (Figure 3-C). On the other hand, the
showed two significant clusters were observed the first cluster analysis of the data obtained from the chemical
one includes NO and PO  which strongly related to the and microbial examinations of the bottom water samples2 4

SRB counts. While the second cluster includes the rest in this season showed a great dependency of the SRB
five chemical parameters Ca, Mg, SiO , NO  and PO ; they counts  on  PO  and NO . Moreover, Ca and Mg in2 3 4

showed less effect on the SRB counts in this season. addition to NO and SiO showed to related o each other
However, the closely related chemicals were SiO  and Mg (Figure 4-C).2

3 4

4 3

2 2
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In summer, the cluster analysis of the chemical and supply of phosphorus becomes limiting. Moreover, it was
microbial variables estimated in the subsurface water showed that microorganisms can utilize organic
samples showed that the SRB counts were closely related phosphates through the action of cell enzymes called
to Ca which enhanced the SRB counts in these tested phosphatases [15]. Dissimilar to these obtained data it
water samples. Moreover, SiO  and NO  in addition to NO was observed that although available sulfate and2 3 2

and NH  showed separate close relationships to each phosphorus appeared to stimulate the productivity of4

other (Figure 3-D). On the other hand, the SRB in the sulfate reducers in the Everglades sediment, the number
bottom water samples showed a close relationship to SiO of the sulfate reducers did not directly correspond to the2

and NH , they showed to enhance the SRB counts concentration of sulfate and phosphorus in the examined4

compared to that in the other seasons. Moreover, the pore-waters [16]. 
other parameters showed less effect on SRB counts and Moreover, the results indicating the SRB preferred
close relation ship to each other especially PO  and NO the hot seasons, summer followed by autumn, rather than4 3

then NO  and Mg (Figure 4-D). the cold ones (winter and spring). Similarly, it was found2

DISCUSSION to be more active in reducing sulfate to sulfide in summer

From a previous work it was observed the Eastern including Ca and/or Mg with the SRB indicated the need
Harbor  showed to be contaminated with different of these anaerobic bacterial communities to these
bacterial  species for  a  long time [8].  However, the SRB important inorganic calcium and magnesium ions
were selected due to its important role in the reduction especially  in  winter  (both  subsurface   and  bottom
processes in marine environments and it may help in water samples) and in autumn (the subsurface water
indicating in part the anoxic  conditions in this harbor. samples)  [17].  This  may  attributed to the fact that
The cluster  analysis  between  the  estimated  MPN of calcium and magnesium increase the growth rate of these
the SRB community and the measured hydrographic microorganisms [18]. On the other hand, it was mentioned
parameters  were  carried out to understand how NO , the interactions of microorganisms with nitrogen, sulfur,2

NO , NH , Ca, Mg,  SiO   and  PO , impact the distribution phosphorus, iron and manganese are only a few examples3 4 2 4

of this group of bacteria and how these variables affect that show how bacteria influence geochemical cycles in
the anoxic condition in such marine environments. nature and it should be recognized that bacteria also have

The obtained data indicated strong relation ship important impacts on the chemistry of carbonates and
between SRB and the nutrient contents in the EHA (NH , silicon in environment [19]. 4

NO  and NO ), when the bacterial content increases they2 3

may began to reduce nitrate to nitrite or ammonia. These CONCLUSIONS
results were confirmed by a work carried out under
conditions where oxygen was insufficient and the bacteria From the obtained data it could be concluded that on
showed the ability to use nitrate in place of oxygen as a the basis of the statistical cluster analysis there was a
final electron acceptor in metabolism and the nitrate was great dependence between the distribution of the sulfate
reduced to ammonium (nitrate ammonification) or to reducing bacterial community and the measured PO , NH

SiO , NO , NO Ca and Mg in the Eastern harbor. In winter
However, in spring the SRB showed to be greatly the SRB showed to be impacted with the majority of these

affected by PO  content in these examined water samples; tested chemical factors which led to decreasing the4

it seemed to act as one of the limiting factors under this estimated MPN. While in spring the SRB was mainly
condition especially when combined with NO  (in the impacted with PO . On the other hand, the SRB showed2

subsurface water) or with NO  (in the bottom water). high MPNs in summer followed by autumn; they were3

Contradiction to this it was known that phosphorus enhanced mainly by the NH  and SiO  concentrations
occurs in nature in the form of organic and inorganic which showed integration with nitrite, calcium and
phosphates and is essential to microorganisms for the magnesium. Moreover, it was observed the EHA started
formation of nucleic acids and phospholipids. However, the recovery process after the discharge of sewage had
[13, 14] found that bacteria are more effective in been stopped and the anoxic conditions in the bottom
accumulating phosphorus as excess cellular phosphorus waters showed to be twice more than that in the
that can be released to support bacterial growth if the subsurface waters. 

that the growth of SRB in the pore-water samples showed

compared to that in spring. Meanwhile, the clusters

4 4,

nitrogen gas (denitrification) [12]. 2 3 2,

4

4 2
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